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I conducted a landscape-scale survey of nest-structure use and production by 
wood ducks (Aix sponsa), black-bellied whistling ducks (Dendrocygna autumnalis), and 
hooded mergansers (Lophodytes cucullatus) across two riverine basins in coastal South 
Carolina during 2016–2017. For 364 and 354 nest boxes surveyed in each year (n = 718 
box years), 61% were used by wood ducks, 15% by black-bellied whistling ducks, and < 
1% by hooded mergansers. Across years, mean frequency of use of nest boxes by wood 
ducks and black-bellied whistling ducks did not differ between the Ashepoo, Combahee 
and Edisto Rivers (ACE) and Santee Rivers Delta and Winyah Bay (SRDW) Basins 
(F1,353 = 1.46, P = 0.2270, F1,353 = 1.48, P = 0.2247, respectively). Wood ducks nested 
from January–August (𝑥 = 181-day nesting season, CV = 2.5%) with peak nesting in 
March–May. Black-bellied whistling ducks nested from May–September (𝑥 = 116-day 
nesting season, CV = 8.6%) with peak nesting in June–July. Stepwise logistic, multiple 
regression revealed several correlations of physical and micro-habitat characteristics of 
nest boxes with their use by wood ducks and black-bellied whistling ducks. Wood ducks 
were 5.8% (β = −0.00006, P = 0.0035) more likely to select nest boxes for every 1,000 
cm3 decrease in internal box volume. However, black-bellied whistling ducks were 
19.6% (β = 0.00018, P < 0.0001) more likely to select nest boxes for every 1,000 cm3 
increase in internal volume. Vegetative, canopy cover above boxes had a negative 
association with nest-box selection; boxes were 15.1% (β = −0.01642, P < 0.0001) and 
11.1% (β = −0.01194, P = 0.0236) more likely to be selected by wood ducks and black-
bellied whistling ducks for every 10% decrease in percent canopy cover. Additionally, 
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nest boxes were 18.3% (β = 0.01677, P = 0.0053) and 9.8% (β = −0.01031, P = 0.0044) 
more likely to be selected by black-bellied whistling ducks for every 10 cm increase in 
distance from the base of boxes’ entrance vertically to ground or water surface and every 
10 m decrease in distance between boxes. My data suggest the conventional nest box 
described by Bellrose (1980), with internal volume of 34,375 cm3 and internal 
dimensions of 25 × 25 × 55 cm, was usable for both species of ducks and therefore can be 
deployed where these species are sympatric. However, I suggest nest box entrances 
should have 12.7 cm diameters to facilitate use by larger black-bellied whistling ducks, as 
recommended by Bolen (1967a). Additionally, I observed both species of ducks selected 
boxes in open areas and often in ponds with predatory fish, which could create 
“ecological traps” for ducklings. I emphasize the importance of proper nest-box 
placement near suitable brood-rearing habitat (e.g., shoreline scrub-shrubs; Davis et al. 
2007) to promote duckling survival and recruitment. For wood ducks, mean clutch size 
was 13 eggs, nest success was 65%, and hatching success was 49%. Based on egg-shell 
membranes found in nest boxes, mean number of wood duck ducklings exiting boxes did 
not vary between basins in 2016 (t1 = 1.04, P = 0.2966) and 2017 (t1 = 1.81, P = 0.0698). 
Pooled across years, an average of five wood duck ducklings exited structures. For black-
bellied whistling ducks, mean clutch size was 11 eggs, nest success was 51%, and 
hatching success was 43%. Mean number of black-bellied whistling duck ducklings 
exiting boxes differed between basins in 2016 (t1 = 3.77, P = 0.0002) but not in 2017 (t1 = 
−0.88, P = 0.3776). In 2016, the arithmetic mean number of black-bellied whistling 
ducks ducklings exiting boxes in the two basins were 1.2 and 0.8 ducklings, indicating an 
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average of one duckling of this species exited structures. Additionally, an estimated 3,378 
wood duck, 531 black-bellied whistling duck, and 19 hooded merganser ducklings exited 
nest structures in 2016–2017 for an average of six ducklings across species/boxes/years 
(3,928 ducklings/718 boxes; 𝑥 = 5.5 ducklings). I also assessed costs of female wood 
duck recruits from nest boxes, based on contemporary costs to fabricate boxes, their 
annual maintenance, an assumed longevity of 20 years for an annually maintained bald-
cypress (Taxodium distichum) box (total = $142.23/box [U.S.]), reproductive metrics 
from my study, and a wood duck female recruitment rate of 5.22% (Hepp et al. 1989). 
Calculated cost per female wood duck recruit for an assumed 20-year life of box was 
$65.65. This cost of female wood duck recruitment over 20 years was 2.2 time less than 
the cost of the box, mounting structure, predator shield, and maintenance over 20 years. 
Therefore, based on these data, nest boxes in my study seem cost-effective in recruiting 
female wood ducks. My study did not estimate brood survival and duckling recruitment 
into fall and breeding population. Therefore, I emphasize need to determine major 
influences of recruitment and other vital rates of box-nesting duck populations, levels of 
vital rates needed to stabilize and grow populations, habitat locations of nest boxes that 
promote duckling survival and ultimately recruitment into breeding populations, 
estimated proportion of box vs naturally cavity produced wood ducks in the harvest, and 
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CHAPTER 1 - Use of and reproduction in nest boxes by wood 
ducks and black-bellied whistling ducks in coastal South Carolina 
 
 Introduction 
Establishment and management of artificial nest structures are long-established 
practices for production of secondary cavity nesting waterfowl (Bellrose and Holm 
1994).  Most efforts have focused on wood ducks (Aix sponsa) in North America, and 
extensive literature exists regarding their use of and reproduction in nest boxes (Bellrose 
et al. 1964, Strange et al. 1971, Hepp et al. 1989, Utsey and Hepp 1997, Stephens et al. 
1998, Heusmann 2000, Davis et al. 2007, Hepp and Kennamer 2012, Davis et al. 2015).  
Moreover, artificial nest boxes have been found to increase wood duck recruitment into 
the fall population if boxes are suitably located and maintained (Utsey and Hepp 1997, 
Heusmann 2000, Davis et al. 2015).  To illustrate, in the mid-1990s, an estimated 
100,000 nest boxes produced approximately 300,000 wood duck ducklings of which half 
were estimated to be recruited into the fall population in North America (Bellrose and 
Holm 1994, Baldassarre 2014, Dyson 2015). 
The wood duck is recognized as the state duck of South Carolina, wherein tens of 
thousands of nest boxes have been erected on public and private lands across the state 
(Otis and Dukes 1995).  Wood ducks are one of the most harvested waterfowl species in 
the Atlantic and Mississippi Flyways and therefore an economically important resource 
(Otis and Dukes 1995, Grado et al. 2011).  In South Carolina, 46% of waterfowl 
harvested between 2011 and 2014 were wood ducks (Roberts and Padding 2015).  
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Currently, in coastal South Carolina, wood ducks, hooded mergansers (Mergus 
cucculatus), and black-bellied whistling ducks (Dendrocygna autumnalis) are known to 
use artificial nest boxes (this study).  Until the early 2000s; however, wood ducks and 
hooded mergansers were the only species of waterfowl using nest boxes in South 
Carolina (D. Harrigal, personal communication 2016). 
Population monitoring and management of wood ducks and hooded mergansers 
are challenging, because they inhabit forested wetlands, which hinders accurate surveys 
of their seasonal abundances (Otis and Dukes 1995, Zimmerman et al. 2015).  Currently, 
there are no estimates of use and duckling production on a landscape-scale from nest 
boxes in South Carolina despite existence of an estimated 23,000 boxes statewide in 1992 
(Otis and Dukes 1995).  Researchers in South Carolina previously conducted small-scale 
surveys of nest boxes, but not on a regional scale (Hepp et al. 1989, Utsey and Hepp 
1997).  Additionally, no reproductive data exist for black-bellied whistling ducks using 
nest boxes in the southeastern U.S. due to their recent range expansion, beginning in the 
late 20th century. 
The black-bellied whistling duck population in Georgia, South Carolina, and 
North Carolina are thought to be a natural expansion of the Florida population (Balkcom 
et al. 2012), wherein Florida breeding by black-bellied whistling ducks was first 
confirmed in 1990 (James and Thompson 2001).  Since 2001, black-bellied whistling 
ducks are now confirmed nesting in Georgia and have been expanding their range 
northward (Balkcom et al. 2012).  The first black-bellied whistling ducks with broods in 
South Carolina were recorded during summer 2003 on Donnelley Wildlife Management 
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Area in Colleton County near Green Pond, South Carolina (Harrigal and Cely 2004).  The 
species was officially considered established in 2003 due to an increase in sightings and 
classified as definitive (South Carolina Bird Records Committee 2014).  Black-bellied 
whistling ducks have increased in abundance since their first appearance in the Coastal 
Plain of South Carolina with flocks of 125–150 individuals being observed (Harrigal and 
Cely 2004). 
The objectives of my study were to 1) determine use rates of nest boxes by these 
two duck species in two riverine regions of coastal South Carolina, 2) quantify temporal 
variation in nest box use by these species among months in the nesting season, 3) 
document and quantify reproduction metrics for these species using nest boxes, 4) 
compare duckling production in boxes between the regions, and 5) suggest management 
implications consistent with my and other published results. Herein, I present results 
pertinent to these objectives from a large-scale survey of >350 nest structures across 
coastal South Carolina in 2016 and 2017. I compare my results with those from similar 
studies in South Carolina and other regions of the United States. 
 Study Area 
My study was conducted in the Coastal Plain region of South Carolina, including 
Beaufort, Charleston, Colleton, and Georgetown counties. Within the coastal plains, 
artificial nest boxes were distributed throughout two riverine regions in South Carolina, 
the Ashepoo, Combahee and Edisto Rivers (ACE) and Santee Rivers Delta and Winyah 
Bay (SRDW) Basins (Figure 1.1). The ACE and SRDW Basins are large estuarine 
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complexes containing forested wetlands, fresh, brackish and salt water tidal marshes, 
managed impounded wetlands, beaches, and pine and hardwood uplands (SCDNR 2013). 
I selected five sites within each of the two basins for the nest box survey. I could 
not select sites randomly because of lack of documentation of private properties with nest 
boxes. Instead, I selected sites to include both private and state managed lands, which had 
established nest boxes where access was permitted. In the ACE basin, I studied on 
Clarendon Farms, Donnelley Wildlife Management Area, Halls Island, Nemours 
Plantation Wildlife Foundation, and Rosehill Plantation (Figure 1.2). In the SRDW basin, 
I studied on Annandale Plantation, DeBordieu Colony, Hobcaw Barony, Kinloch 
Plantation, and Santee Coastal Reserve Wildlife Management Area (Figure 1.3). 
To describe the study area and nest boxes spatially, I georeferenced each nest box 
using a Garmin eTrex 20x GPS unit, plotted locations within ArcMap 10.41, and created 
minimum convex polygons (MCP; ArcMap 10.41 Data Management Tool Minimum 
Bounding Geometry, ESRI).  I created individual MCPs for both basins, and each of the 
10 sites. I further described the study area by accessing each property from their 
respective county tax assessor’s websites and obtained their total area (Table 1.1). 
 Methods 
 Nest Boxes 
I included 324 nest boxes in the survey that were erected prior to my study in 
2016. I did not have records of age and previous use of boxes by nesting ducks. In 
January 2016, I installed additional boxes at Santee Coastal Reserve Wildlife 
Management Area (n = 20, SDRW), Rosehill Plantation (n = 10, ACE), and Halls Island 
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(n = 10, ACE) to increase sample sizes on those sites. I monitored 364 nest boxes in 2016 
and 354 boxes in 2017, because 10 boxes were destroyed between years by Hurricane 
Matthew in October 2016. I surveyed all available boxes at all study sites each year. 
 Nest-Box Inspections 
In December–January, I repaired structures, removed nesting material, and added 
wood shavings to boxes to a depth of approximately 6–10 cm. I monitored nest box use 
from late January–early August in 2016–2017. I checked 309 boxes and 299 boxes, twice 
monthly in 2016 and 2017, respectively. At DeBordieu Colony, I inspected 55 boxes 
twice annually in May and September 2016–2017. 
During each inspection, I recorded the following variables: 1) presence of a hen or 
drake duck, 2) number of eggs by species, 3) number of egg shell membranes to index 
number of hatched eggs (Davis et al. 1998), 4) number of unhatched eggs, 5) number of 
live and dead ducklings, and 6) number of depredated eggs and predator if determined. I 
identified predators of eggs by their presence in a box and features of the destroyed 
egg(s). I considered eggs with a single puncture to have been depredated by 
woodpeckers. Following determination of nest fate, I removed egg shell membranes, 
unhatched eggs, and down feathers, but wood shavings were not removed or replaced 
until early May 2016 and 2017, when I cleaned and added new shavings as recommended 
to promote subsequent nest box use and duckling production each year (Utsey and Hepp 
1997, Davis et al. 2015). 
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 Analysis 
My analytical unit for statistical analyses was individual nest boxes surveyed in 
each year of my study. I defined box use as single or multiple presence within year of ≥ 1 
egg of a wood duck, black-bellied whistling duck, or hooded merganser or their nest or 
egg remains if a clutch had hatched or was destroyed. For each year, basin, and overall 
study period, I used PROC FREQ (SAS Institute Inc. 2018) to calculate the proportion of 
boxes used by species. I tested for differences (α = 0.05) in the proportion of boxes used 
by either a wood duck or black-bellied whistling duck between the ACE and SRDW 
basins using logistic regression (PROC GLIMMIX; SAS Institute Inc. 2018).  My 
dependent variable for each analysis was binary (1 = used; 0 = not) and I modeled use or 
no use by wood ducks and black-bellied whistling ducks relative to ACE and SRDW 
Basins. I accounted for the repeated measurement of boxes within and over years by 
utilizing a correlated error model specifying an auto-regressive covariance structure to 
measurements on the same box in a given year (Ackerman et al. 2009, Lancaster et al. 
2015). 
Further, I analyzed temporal variation in nesting by aggregating the number of 
boxes used by either wood duck or black-bellied whistling duck by month within the 
nesting season (January–September), year, and basin. Due to differences in monitoring 
rate, I included data only from boxes checked twice monthly in analysis. I used 
generalized linear mixed models (PROC GLIMMIX; SAS Institute Inc. 2018) to test for 
differences (α = 0.05) among the mean number of boxes used by month, basin, and year. 
My dependent variable for each analysis was mean number of boxes used by either wood 
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ducks or black-bellied whistling ducks. I assigned the explanatory variables of year, 
basin, and the three-way interaction among month, year, and basin as random effects, and 
I assigned a first-order auto correlation to the covariance structure of these random 
components in the model to account for repeated measures (Ackerman et al. 2009, 
Lancaster et al. 2015).  I considered month as a fixed effect in the mixed models. I 
assessed pairwise differences in box use per month by comparing least square means 
(LSMEANS/pdiff statement) using Fisher’s least significant difference procedure (α = 
0.05). 
I defined the maximum number of eggs as the largest number of broken or intact 
eggs of wood ducks or black-bellied whistling ducks occurring in a box up until nest fate 
was determined (Stephens et al. 1998).  I defined a nest of a wood duck or black-bellied 
whistling duck as ≥ 1 eggs present in a box. 
I used PROC FREQ (SAS Institute Inc. 2018) to calculate proportions of nests 
depredated by yellow rat snake (Pantherophis obsolete quadrivittatus) and woodpeckers 
(family: Picidae), as well as nest abandonment for boxes monitored twice monthly. I 
calculated nest success by dividing the number of successful clutches (≥ 1 egg hatched; 
i.e., ≥ 1 egg shell membranes and ≥ 1 ducklings exiting box) by all nests started in boxes. 
I totaled and averaged nest and fate metrics by basin, year, and overall study period. 
I described clutch size of wood ducks and black-bellied whistling ducks as the 
average number of eggs per nest of these species. Additionally, I analyzed numbers of 
unhatched eggs remaining in a box after hatch or nest abandonment. I used PROC 
MEANS procedures (SAS Institute Inc. 2018) to calculate the mean, standard error of the 
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mean, and sum for the total number of eggs, clutch size, and unhatched eggs by basin, 
year, and overall study period for boxes. 
I indexed number of ducklings exiting a box as the total membranes found, plus 
one membrane per nest, minus any live or dead ducklings remaining in the box (Davis et 
al. 1998).  I compared the number of wood duck and black-bellied whistling duck 
ducklings produced per box between basins for each year using maximum likelihood 
count regression models (PROC COUNTREG, SAS Institute 2018; Erdman et al. 2008).  
I also analyzed the number of ducklings between basins for each year separately, because 
the assumption of independence is questionable due to repeated sampling of boxes in 
both years. Ecological data in the form of count values are non-negative integers that 
often have excessive zeros resulting in skewed distributions and therefore violate 
assumptions of parametric procedures (Cunningham and Lindenmayer 2005, Guo et al. 
2016).  Poisson and negative binomial models are commonly used for analyses of 
dependent variables that take the form of non-negative integers (i.e., count data) along 
with Zero-inflated models which address the situation of overdispersion resulting from 
excess zeros common in count data (Cunningham and Lindenmayer 2005, Erdman et al. 
2008, Stroup 2012).  Zero-inflated models use mixtures of two separate processes; one a 
binary process that models excess zero counts, and the other a discrete counting 
distribution (Poisson and negative binomial; Stroup 2012, Guo et al. 2016).  Therefore, to 
account for the non-negative integer form and many zeros in number of indexed 
ducklings that often results in non-normality, I fitted Poisson, negative binomial, zero-
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inflated Poisson, and zero-inflated negative binomial distributions to the data set and 
assessed best fit (Erdman et al. 2008, Morris 2008). 
I selected a distribution and model based on Akaike’s information criteria (AIC), 
where distributions and models that best supported the data had the lowest AIC (Akaike 
1974).  Additionally, I calculated the deviation in a model’s AIC score from the top 
model (ΔAIC), considering distributions and models competitive with ΔAIC values ≤ 2 
(Burnham and Anderson 2002).  I also compared the observed frequency of zeros to the 
expected number of zeros from each model fitted with the four different distributions. I 
tested for the effect of basin each year on total duckling production, because ducklings 
exiting boxes was our prime measure of box performance. I also calculated hatching 
success as the total predicted number of ducklings exiting boxes divided by total eggs 
laid within boxes by species and years (Hepp and Kennamer 1993).  Lastly, I did not 
evaluate occurrence of dump nesting, because I did not have concrete evidence regarding 
numbers or genetics of eggs to confirm parasitism, and I was primarily interested in 
indexed numbers of ducklings that departed boxes between basins and years of study. 
Moreover, most wood duck and black-bellied whistling duck nests are parasitized 
regardless of number of eggs in the box (Delinicki 1973, Pöysä et al. 2014). 
 Results 
 Wood Ducks 
I surveyed 364 and 354 boxes in 2016 and 2017, respectively (Table 1.2). For 
both years combined, wood ducks laid ≥ 1 eggs in 440 (61.3%) of 718 boxes surveyed. 
Box use was 69.8% and 52.5% in 2016 and 2017, respectively, with an annual mean of 
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61.2% (SE = 8.62%, n = 718 boxes). Wood ducks used 66 boxes twice (9.2%) and 9 
boxes three times (1.3%) per year. I did not detect a difference in the number of boxes 
used by wood ducks between the ACE and SRDW Basins across years (F1,353 = 1.46, P = 
0.2270). 
In 2016, I found the first wood duck nest on 31 January and the last active nest on 
25 July. In 2017, I discovered the first wood duck nest on 19 January and the last active 
nest on 23 July. Therefore, I estimated the two-year average duration of the nesting 
season at 181 days (SE = 4.5, n = 412 nests) across years. 
Nesting seasons were comparable in duration each year of my study (CV = 2.5%); 
therefore, I combined data for years to examine average frequency of nesting among 
months. Box use by wood ducks varied among months during the nesting season from 
January through July (F6,19 = 7.46, P = 0.0003). Post hoc pairwise LS-means between 
each of the months in the nesting season showed the greatest mean number of nests in 
boxes occurred during the months of March, April, and May. The second greatest mean 
number of nests occurred in May, June, and July. Wood ducks used boxes least during 
January–February and June–July (Figure 1.1). 
In all available boxes across years (n = 718), wood ducks laid a mean of 8.1 (SE = 
0.41) eggs per box (Table 1.3). Additionally, average clutch size of all incubated nest (n 
= 443 nest) in all available boxes (n = 718) across years was 13.1 (SE = 0.32) eggs (Table 
1.4). Nest success (≥ 1 egg hatched) across years for boxes (n = 608 boxes) monitored 
twice monthly was 65% (268 successful / 412 nests; Table 1.5). Determinable nest 
failures across years for boxes monitored twice monthly (n = 608) resulted from 
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abandonment 18.9% (n = 78 nests), predation by wood peckers 13.1% (n = 54 nests) and 
yellow rat snakes 6.6% (n = 27 nests). 
Predicted zero count frequency and visual inspection of predicted compared to 
observed counts showed number of egg shell membranes or ducklings produced in boxes 
was not differently described using a ZINB or ZIP distribution (Table 1.6). Model 
selection using AIC and ΔAIC showed number of ducklings produced in boxes was best 
described using a zero-inflated negative binomial (ZINB) distribution (Table 1.7).  I 
choose a linear model with a ZINB distribution for analysis, because it resulted in the 
most explicative model (i.e., lowest AIC value), and no other distribution was 
competitive within ≤ 2 ΔAIC (Table 1.7). I did not detect any difference in the zero 
portion of the model for the number of ducklings exiting boxes between basins in 2016 
(t1 = −0.56, P = 0.5763) and 2017 (t1 = 0.61, P = 0.5402). In the count portion of the 
model, no basin effect was detected for the number of ducklings exiting boxes in 2016 (t1 
= 1.04, P = 0.2966) and 2017 (t1 = 1.81, P = 0.0698). 
Thus, for 718 boxes surveyed in both years, an average of 4.7 (SE = 0.28) wood 
duck ducklings exited boxes. Additionally, for 332 successful nests, an average 10.2 (SE 
= 0.26) ducklings exited boxes (Table 1.4). Wood ducks laid 5,409 eggs in boxes 
monitored twice monthly (n = 608) across 2016 and 2017 of which 2,637 ducklings 
hatched and exited across years for an annual hatching success of 48.8%. 
 Black-bellied Whistling Ducks 
For 2016 and 2017 combined, black-bellied whistling ducks laid ≥ 1 eggs in 106 
(14.8%) of 718 boxes. Box use was 15.4% and 14.1% in 2016 and 2017, respectively, 
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with an annual mean of 14.8% (SE = 1.3%, n = 718 boxes). Black-bellied whistling 
ducks used 11 boxes twice (1.5%) per year. I did not detect a difference in the number of 
boxes used by black-bellied whistling ducks between the ACE and SRDW Basins across 
years (F1,353 = 1.48, P = 0.2247). 
In 2016, I found the first black-bellied whistling duck nest on 3 May and the last 
nest occurred approximately 5 September. In 2017, I encountered the first nest on 19 May 
and the last approximately 2 September. Therefore, I estimated the two-year average 
duration of the nesting season at 116 days (SE = 10, n = 110 nests) across years. 
Nesting seasons were comparable in duration each years of my study (CV = 8.6 
%); therefore, I combined data for years to examine average frequency of nesting among 
months. Box use by black-bellied whistling ducks varied among months during the 
nesting season from May through September (F4,13 = 7.42, P = 0.0024). Post hoc pairwise 
LS-means between each of the months in the nesting season showed the greatest mean 
number of nests in boxes occurred during the months of June and July. The second 
greatest mean number of nests occurred in May, July and August. Black-bellied whistling 
ducks used boxes least during May, August and September (Figure 1.2). 
In all available boxes across years (n = 718), black-bellied whistling ducks laid a 
mean of 1.7 (SE = 0.21) eggs per box (Table 1.3). Additionally, average clutch size of all 
incubated nest (n = 110 nest) in all available boxes (n = 718) across years was 11.1 (SE = 
0.89) eggs (Table 1.4). Nest success (≥ 1 egg hatched) across years for boxes (n = 608) 
monitored twice monthly was 50.9% (56 successful/ 110 nests; Table 1.5). Determinable 
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nest failures across years for boxes monitored twice monthly (n = 608) resulted from 
abandonment 11.8% (n = 13 nests) and predation by wood peckers 13.6% (n = 15 nests). 
Predicted zero count frequency and visual inspection of predicted compared to 
observed counts showed number of egg shell membranes or ducklings produced in boxes 
was not differently described using a ZINB or ZIP distribution (Table 1.8). Model 
selection using AIC and ΔAIC showed number of ducklings produced in boxes was best 
described using a zero-inflated negative binomial (ZINB) distribution (Table 1.9). I 
choose a linear model with a ZINB distribution for analyses because it resulted in the 
most explicative model (i.e., lowest AIC value), and no other distribution was 
competitive within ≤ 2 ΔAIC (Table 1.9). I did not detect any difference in the zero 
portion of the model for the number of ducklings exiting boxes between basins in 2016 
(t1 = 0.81, P = 0.4185) and 2017 (t1 = 0.45, P = 0.6508). In the count process of the 
model, I detected a basin effect for the number of ducklings exiting boxes in 2016 (t1 = 
3.77, P = 0.0002) but not in 2017 (t1 = −0.88, P = 0.3776). In 2016, the arithmetic mean 
number of black-bellied whistling ducks ducklings exiting boxes in the ACE and SRDW 
Basins was 1.2 (SE = 0.36) and 0.8 (SE = 0.20) ducklings. 
Thus, for 718 boxes surveyed in both years, an average of 0.7 (SE = 0.12) black-
bellied whistling duck ducklings exited boxes. Additionally, for 56 successful nests, an 
average 9.5 (SE = 0.75) ducklings exited boxes (Table 1.4). Black-bellied whistling 
ducks laid 1,224 eggs in boxes monitored twice monthly (n = 608) across 2016 and 2017 
of which 531 ducklings hatched and exited across years for an annual hatching success of 
43.4%. 
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 Hooded Merganser 
One box in both the ACE and SRDW Basins was used by a hooded merganser in 
2016. Because only two hooded merganser nests were encountered, I excluded these data 
from further analyzes. On Donnelley Wildlife Management Area in the ACE basin, I 
found one hooded merganser nest containing 13 eggs on 7 March. Of the 13 eggs laid in 
the box, I estimated 12 ducklings hatched and exited the box based on egg shell 
membranes and one unhatched egg was present in the box. In early May, in DeBordieu 
Colony in the SDRW basin, I found one hatched hooded merganser clutch containing 3 
unhatched eggs. Based on egg shell membranes present, I estimated seven ducklings 
exited from the box. 
 Discussion 
My study was the first landscape-scale survey and analysis of wood duck and 
black-bellied whistling duck use and duckling production from artificial nest structures in 
coastal and other regions of South Carolina. My discussion addresses each species 
separately. I do not discuss hooded mergansers, because I discovered only two nests of 
this species. 
 Wood Ducks 
Near Aiken, South Carolina, between 1982 and 1988, on the Department of 
Energy’s Savannah River Plant, wood ducks using boxes had an average nesting season 
of 128 days (Hepp et al. 1989).  In the ACE basin of South Carolina in 1993, Utsey and 
Hepp (1997) documented a 142-day nesting season for wood ducks using boxes. I found 
the average length of the nesting season for wood ducks using boxes in coastal South 
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Carolina was 181 days in 2016 and 2017. Timing of nest initiation by wood ducks during 
my study, was similar to prior studies in South Carolina, but I cannot explain the 
protracted duration of nesting by wood ducks during my study. However, my results on 
the nesting chronology of wood ducks using boxes were comparable to those reported in 
Alabama and Mississippi, where wood ducks generally have a breeding and brood-
rearing season from February through August (Davis et al. 2007). 
In Mississippi on the Yazoo National Wildlife Refuge, researchers erected nest 
structures for wood ducks in 1966. During the first year of study, wood ducks nested in 
66% of available structures (Strange et al. 1971).  Nest box use increased between 1966 
and 1969, and across years, wood ducks used an average of 87% of available boxes.  In 
1993, wood ducks nested in 88.5% of available boxes in the ACE basin of South Carolina 
(Utsey and Hepp 1997).  Bellrose and Holm (1994) reviewed publications, national 
wildlife refuge questionnaires, and unpublished reports from state agencies and other 
groups with nest box programs from 1939–1990 regarding nest box use by wood ducks 
and summarized their findings at the national (United States), flyway (Atlantic, 
Mississippi, and Pacific), and flyway regional levels (northern, central, and southern). 
Nest box use across all sources averaged 42% at the national level and 42.4%, 40.4%, 
and 50.2% at the Atlantic, Mississippi, and Pacific Flyway levels, respectively. 
Furthermore, within the Atlantic Flyway, nest box use across all record sources averaged 
35.9%, 41.65%, and 49.43% in the Northern, Central, and Southern regions of the flyway 
(Bellrose and Holm 1994).  I documented comparable use of nest boxes by wood ducks 
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between the ACE and SRDW Basins across years; moreover, across years and basins, 
61.3% of available boxes were used for nesting by wood ducks. 
The percentage of nest boxes used by wood ducks during my study in South 
Carolina was similar to box use during the first year following nest box establishment in 
Mississippi. However, the proportion of boxes used during my study was 25.7% and 
27.2% lower than previous documented in Mississippi and South Carolina (Strange et al. 
1971, Utsey and Hepp 1997).  This decrease use may be because boxes included in my 
survey were predominantly established for ≥ 5 years and included approximately 100 
boxes that were not previously managed (i.e., old nesting materials were not removed and 
wood shavings were not replaced); whereas, these prior studies by Strange et al. (1971) 
and Utsey and Hepp (1997) were conducted on newly erected nest boxes which were 
managed. Moreover, results from my study indicate nest box use by wood ducks in 
coastal South Carolina (61.3%) was 11.1% – 25.4% greater than the approximately 60 
year reported average of nest box use (35.9 – 50.2%) at the flyway regional (35.9% – 
49.43%), flyway (40.4% – 50.2%), and national (42%) levels (Bellrose and Holm 1994). 
The mean clutch size of 13 eggs laid in boxes by wood ducks during my study 
was consistent with prior records of wood duck reproduction (Bellrose and Holm 1994).  
I found nest success (65%) of wood ducks in Coastal South Carolina was similar to nest 
success rates in Mississippi for both small (59%) and large boxes (66%, Stephens et al. 
1998).  Luckett (1977) studied nest boxes in the piedmont region of South Carolina 
between 1974–1975, and found across years and study sites an average of 2.9 wood duck 
ducklings were produced in available boxes. The average number of wood duck duckling 
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produced per box (𝑥 = 4.7 ducklings, SE = 0.28) during my study was approximately two 
ducklings greater than reported for the piedmont region (𝑥 = 2.9 ducklings; Luckett 
1977), but similar to results previously reported for the ACE basin of South Carolina (𝑥 
= 4.2 ducklings, SE = 0.75; Utsey and Hepp 1997).  I cannot explain the difference in 
average number of wood duck ducklings produced in nest boxes between the piedmont 
and coastal regions of South Carolina. Lastly, I found the annual hatching success 
(48.8%) in coastal South Carolina was alike to previous results in the ACE basin (43%, 
Utsey and Hepp 1997). 
 Black-bellied Whistling Ducks 
In coastal Texas, black-bellied whistling ducks initiated nesting in boxes during 
early May, with peak nesting in May and June; nesting efforts ceased in late August for 
an average duration of 109 days across years (Bolen 1967).  In coastal South Carolina, I 
found black-bellied whistling ducks nested in boxes from May to early September, with 
peak nesting occurring in June and July. I observed an average nesting season length of 
116 days; thus, my results on the nesting chronology of black-bellied whistling ducks 
were similar to those previously reported for the species in coastal Texas. 
Near Lake Corpus Christi, Texas, black-bellied whistling ducks utilized 81% of 
available boxes during a 12-year study between 1964 and 1975 (McCamant and Bolen 
1979).  In coastal South Carolina, I found black-bellied whistling ducks used 14.8% of 
available boxes during 2016 and 2017. Furthermore, I found available nest boxes were 
used by black-bellied whistling ducks in similar proportion between the ACE and SRDW 
basins across years. Black-bellied whistling ducks are relatively new immigrants to South 
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Carolina, wherein breeding was confirmed in 2003. Therefore, box use would be 
expected to differ from box use in Texas, where the species is endemic. 
Mean clutch size of 11 eggs documented in my study was consistent with other 
studies of black-bellied whistling duck reproduction (𝑥 = 13 eggs; Bolen 1967). 
Additionally, in coastal Texas, 77% of nests initiated by black-bellied whistling ducks in 
boxes produced at least one duckling, and hatching success was 58% for the species 
(Bolen 1967).  McCamant and Bolen (1979) reported 28% of nest initiated by black-
bellied whistling ducks in boxes were successful, and hatching success was 20% for the 
species in Texas. Nest success for black-bellied whistling ducks using boxes in coastal 
South Carolina between 2016–2017 was 50.9% and hatching success was 43.4%. Lastly, 
Bolen (1967) found, on average, a nest box in coastal Texas produced 6.17 black-bellied 
whistling duck ducklings. In South Carolina, I observed approximately one duckling 
exited on average per box between 2016 and 2017. 
 Conclusions and Management Implications 
My results showed wood ducks initiate nesting in boxes before black bellied 
whistling ducks in coastal South Carolina (Figure 1.3). Generally, wood ducks in South 
Carolina initiate nests about 5 months prior to black-bellied whistling ducks. In South 
Carolina, the nesting season for wood ducks is approximately 65 days longer in duration 
than that for black-bellied whistling ducks. Wood ducks used 46.5% more boxes than 
black-bellied whistling ducks combined over basins and years of study. Wood ducks laid 
an average of 8 eggs, whereas black-bellied whistling ducks laid an average of 2 eggs in 
boxes. Additionally, nest success of wood ducks (65%) was 14.1% greater than nest 
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success of black-bellied whistling ducks (50.9%). Hatching success was 5.4% lower for 
black-bellied whistling ducks (43.4%) than wood ducks (48.8%). Based on egg-shell 
membranes recovered in structures, an estimated 3,378 wood duck, 531 whistling duck, 
and 19 hooded merganser ducklings exited nest structures in 2016–2017 for an average of 
about six ducklings/boxes/years (3,928 ducklings/718 boxes; 𝑥 = 5.5 ducklings). 
My study did not estimate brood survival and duckling recruitment into fall and 
breeding population nor subsequent spring-summer use by marked individual females to 
assess recruitment and cost benefits from boxes. Further research with marked hens and 
ducklings is needed throughout the breeding range of cavity nesting ducks in North 
America to evaluate demographic and economic values of nest box programs. 
Nonetheless, I propose herein a strategy to cost-assess female wood duck recruits 
from nest boxes, based on contemporary costs to fabricate boxes, their annual 
maintenance, an assumed longevity of 20 years for an annually maintained bald cypress 
(Taxodium distichum) or other durable wooden box, reproductive metrics from my study, 
and a wood duck female recruitment rate of 5.22% estimated by Hepp et al. (1989) for 
box-nesting wood ducks near Aiken, South Carolina. Cost metrics associated with 
constructing, installing, and maintaining a nest box were obtained for 2018, based on nest 
box expenditures reported by Barry (1992) and inflated to 2018 U.S. currency values. 
Estimated cost of a nest structure including establishment and maintenance over 20 years 
was $142.23 (Table 1.10). I calculated cost of female wood duck recruits over the 20-
year life expectancy of a box using rates of box use, nest success, average number of 
ducklings departing successful nests averaged for 2016 and 2017 and basins. I assumed 
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half of ducklings produced in boxes were female, and wood duck female recruitment rate 
was 5.22% (Hepp et al. 1989). Thus, calculated female wood duck recruits per year was 
0.11 recruits/box (61.3% box use per year × 65% nest success per year [≥1 hatched 
egg/nest] ×10.2 ducklings per year × 50% female ratio × 5.22% female wood duck 
recruitment rate per year). Therefore, calculated cost per female wood duck recruit for an 
assumed 20-year box life was $64.65 ($142.23 per box / (0.11 recruits per box × 20 
years)). This cost of female recruitment over 20 years was 2.2 times less than the cost of 
the box, mounting the structure, predator shield, and maintenance costs over 20 years. 
Thus, based on these assumptions and included data, nest boxes in my study seem cost-
effective in recruiting female wood ducks; however, my inference is restricted to boxes 
surveyed in my study and I could not expand this cost assessment to total waterfowl 
produced because I did not have a female recruitment rate for black-bellied whistling 
ducks and hooded merganser. Indeed, a study involving marked nesting hens and female 
ducklings should be conducted to determine cost-efficiency of nest box programs at 
larger spatial scales. Such a study is being planned for implementation in 2019–2020 
across several states in the Southeast region of the United States (E. Wiggers, R. 
Kaminski, and P. Schmidt, personal communication 2018).  Additionally, such a study 
should address major influences of vital rates of box-nesting duck populations, levels of 
vital rates needed to stabilize and grow these populations, habitat locations of nest boxes 
that promote duckling survival and ultimately recruitment into breeding populations, 
estimated proportion of box vs naturally cavity produced wood ducks in the harvest, and 
optimal number of maintained boxes needed in South Carolina and elsewhere relative to 
21 
demography and harvest of these subpopulations (e.g., Cowardin et al. 1985, Hoekman et 
al. 2002). 
Additionally, in coastal South Carolina, based on phenology of nesting wood 
ducks and black-bellied whistling ducks, I speculate currently little competition occurs 
for nest boxes between these secondary cavity nesting species because overlap of nesting 
distributions of these species occurs in June–July and not during the entire nesting season 
for either species (Figure 1.6); and because, average box use, mean eggs laid per box, and 
mean duckling exiting boxes was dissimilar (61% vs. 14.8% box use, 8 vs. 2 eggs laid per 
box, 4.7 vs. 0.7 ducklings exiting boxes) between wood ducks and black-bellied whistling 
ducks. However, nest boxes should continue to be monitored to determine nest box 
availability for wood ducks and black-bellied whistling ducks, because black-bellied 
whistling ducks are relatively new immigrants to South Carolina and increasing in 
abundance. Furthermore, nest boxes for waterfowl should be maintained in the ACE and 
SRDW Basins and all areas of deployment, because use and duckling production in boxes 
by wood ducks and black-bellied whistling ducks were not different between these two 
basins. I suggest and maintain May 1 as a reasonable date for inspecting and cleaning 
boxes of abandoned eggs and old nesting materials in South Carolina and elsewhere in 
southeastern United States to make boxes available for nesting black-bellied whistling 
ducks that arrive in early May and to promote second and late nesting by wood ducks 
(Utsey and Hepp 1997, Davis et al. 2007). Lastly, I emphasize the importance of proper 
nest box placement near suitable brood rearing habitat, such as scrub-shrub wetlands, 
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which has been shown to promote duckling and brood survival in Mississippi and 
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Table 1.1. Descriptions of study area using minimum convex polygon (MCP) of box locations and total property area from 
parcel records. Totals for MCP are a summation of individual polygons grouped by sites and totals for MCP of regions are the 
geometry calculations for boxes pooled by region. 
Basin Site MCP (ha) MCP of regions (ha) Total property (ha) Nest boxes (n) 
ACE Clarendon Farm 581.7 a 1045.4 31 
Donnelley WMA 441.7   3399.4 72 
Halls Island 185.1   432.2 30 
Nemours Plantation 
Wildlife Foundation 
143.5   3965.9 24 
RoseHill Plantation 35.6   483.6 15 
  Total 1387.6 31461.0 9326.4 172 
SDRW Kinloch Plantation 78.1   2247.0 37 
Santee Coastal Reserve 
WMA 
80.9   9712.5 20 
Annandale Plantation 129.5   1345.5 31 
Debordieu Colony 721.9   1092.0 55 
Hobcaw Barony 2769.3   6475.0 49 
  Total 3779.6 13896.0 20871.9 192 
Overall 5167.3 45357.0 30198.3 364 





Table 1.2. Use and total ducklings exiting 718 boxes for wood ducks (WODU) and black-bellied whistling ducks (BBWD) in 
coastal South Carolina, 2016–2017. 
Metric 
2016  2017  2016-2017 average  
 Across basin and year 
total and average 
ACE SRDW All   ACE SRDW All   𝒙 ACE 𝒙 SRDW   Total 𝒙    
Available nest boxes 172 192 364   165 189 354   169 191   718 359 
Boxes used by WODU 114 140 254   84 102 186   99 121   440 220 
Boxes used by BBWD 24 32 56   18 32 50   21 32   106 53 
% Occupancy by WODU 66 73 70   51 54 53   59 63   61 61 
% Occupancy by BBWD 14 17 15   11 17 14   12 17   15 15 
Boxes used twice WODU 28 17 45   13 8 21   21 13   66 33 
Boxes used twice BBWD 4 3 7   0 4 4   2 4   11 6 
Boxes used thrice WODU 4 1 5   3 1 4   4 1   9 5 
% Boxes used twice WODU 16 9 12   8 4 6   12 7   9 9 
% Boxes used twice BBWD 4 2 3   0 2 1   1 2   2 2 
% Boxes used thrice WODU 2 1 1   2 1 1   2 1   1 1 
Total WODU duckling exiting boxes 1016 964 1980   672 726 1398   844 845   3378 1689 






Table 1.3. Mean number of wood duck (WODU) and black-bellied whistling ducks (BBWD) eggs accumulated and ducklings 
exiting 718 boxes in coastal South Carolina, 2016–2017. 
Year Region Species 
Eggs / Box   Ducklings / Box 
𝒙 SE SUM n   𝒙 SE SUM n 
2016 ACE   WODU 13.1 1.12 2254 172   5.9 0.63 1016 172 
BBWD 1.8 0.46 304 172   1.2 0.36 209 172 
SDRW WODU 6.6 0.66 1269 192   5.0 0.56 364 192 
BBWD 1.7 0.42 329 192   0.8 0.20 148 192 
Year Total WODU 9.7 0.66 3523 364   5.4 0.42 1980 364 
BBWD 1.7 0.31 633 364   1.0 0.20 357 364 
2017 ACE   WODU 7.6 0.81 1246 165   4.1 0.53 672 165 
BBWD 1.1 0.31 187 165   0.4 0.17 62 165 
SDRW WODU 5.4 0.55 1019 189   3.8 0.47 726 189 
BBWD 2.1 0.49 404 189   0.6 0.19 112 189 
Year Total WODU 6.4 0.48 2265 354   4.0 0.35 1398 354 
BBWD 1.7 0.30 591 354   0.5 0.13 174 354 
Overall 
WODU 8.1 0.41 5788 718   4.7 0.28 3378 718 






Table 1.4. Average wood duck (WODU) and black-bellied whistling duck (BBWD) clutch size and ducklings exiting from 
successful nest in 718 boxes in coastal South Carolina, 2016–2017. 
Year Region Species 
Clutch Size   Ducklings Per Successful Nest 
 𝒙 SE Nest   𝒙  SE Nest 
2016 ACE   WODU 15.4 0.65 146   10.3 0.40 99 
BBWD 11.3 1.75 27   13.1 1.38 16 
SDRW WODU 11.9 0.55 107   9.8 0.60 98 
BBWD 11.0 1.91 30   7.1 1.03 21 
Year Total WODU 13.9 0.46 253   10.1 0.36 197 
BBWD 11.1 1.29 57   9.7 0.96 37 
2017 ACE   WODU 12.6 0.61 99   10.8 0.37 62 
BBWD 10.4 1.65 18   8.9 2.55 7 
SDRW WODU 11.2 0.55 91   10.0 0.56 73 
BBWD 11.5 1.67 35   9.3 1.37 12 
Year Total WODU 11.9 0.41 190   10.4 0.35 135 
BBWD 11.2 1.23 53   9.2 1.24 19 
Overall 
WODU 13.1 0.32 443   10.2 0.26 332 






Table 1.5. Annual and regional summary of nest box use and nest performance for 608 nest boxes monitored twice monthly in 




Table 1.6. Observed and expected frequency of zeros from fitted models for wood duck 




Observed Counts 58.52% 68.08% 
Zero-Inflated Negative Binomial (ZINB) 58.52% 68.08% 
Zero-inflated Poisson (ZIP) 58.52% 68.08% 
Negative Binomial (NB) 54.17% 65.32% 





Table 1.7. AIC and ΔAIC for fitted models of wood duck ducklings exiting 718 nest 
boxes in coastal South Carolina, 2016–2017. 
Model 
AIC ΔAIC 
2016 2017 2016 2017 
Zero-Inflated Negative Binomial (ZINB) 1498 1149 0.0 0.0 
Zero-inflated Poisson (ZIP) 1718 1213 220.0 64.0 
Negative Binomial (NB) 1678 1334 180.0 185.0 






Table 1.8. Observed and expected frequency of zeros from fitted models for black-





Observed Counts 91.21% 95.20% 
Zero-Inflated Negative Binomial (ZINB) 91.21% 95.20% 
Zero-inflated Poisson (ZIP) 91.21% 95.20% 
Negative Binomial (NB) 91.04% 95.15% 




Table 1.9. AIC and ΔAIC for fitted models of black-bellied whistling duck ducklings 
exiting 718 nest boxes in coastal South Carolina, 2016–2017. 
Model 
AIC ΔAIC 
2016 2017 2016 2017 
Zero-Inflated Negative Binomial (ZINB) 422.5 250.1 0.0 0.0 
Zero-inflated Poisson (ZIP) 448.7 258.5 26.2 8.4 
Negative Binomial (NB) 462.1 267.3 39.6 17.2 






Table 1.10. Estimated cost of materials and labor to construct, erect, and maintain a nest 
box for 20 years in coastal South Carolina, 2018.  





Nest box  
 
 
   Lumber (rough cut cypress) 19.25a 1 19.25 
   Hardware (screws, hinges, bolt, nut, washer) 5.00 1 5.00 
   Labor 7.50b 0.5 hr 3.25 
Predator guard    
   Sheet metal (28 gauge 91 × 122 cm) 18.00 1 18.00 
   Labor 7.50 0.5 hr 3.25 
Pole    
   Treated post (10 × 10 cm × 3.05 m) 15.00 1 15.00 
    
Nest structure cost  1 63.75 
Labor to erect nest structure 
7.50 
2 workers 
for 0.5 hr 
7.50 
    
Annual maintenancec 7.50 0.45 hr 3.38 
Total cost of structure and maintenance  1 year 74.63 
Total cost over 20 years   142.23 
aEstimate based on cost ($10.86) of lumber in 1993 for a standard nest box reported by 
Stephens et al. (1998) and reflects rate of inflation to 2018 obtained from U.S. Bureau of 
Labor Statistics, Consume Price Index. 
bEstimate of labor cost per hour is $0.25 above minimum wage ($7.25) for South 
Carolina in 2018. 
cBased on 3 maintenance/nest checks (15 minutes) per year for a nest structure, to add 











Figure 1.1. Location of nest boxes and study areas in the ACE and SDRW Basins in 







Figure 1.2. Location of nest boxes and study sites Clarendon Farms, Halls Island, 
Rosehill Plantation, Nemours Plantation Wildlife Foundation, and Donnelley WMA in 






Figure 1.3. Location of nest boxes and study sites Santee Coastal Reserve WMA, 
Kinloch Plantation, Annandale Plantation, Hobcaw Barony, and DeBordieu Colony in 






Figure 1.4. Monthly distribution of boxes used by wood ducks during the nesting season in coastal SC, 2016–2017. Diamond 
marker inside box indicates the mean, and the line indicates the median. The bottom and top edges of the box are the first and 





Figure 1.5. Monthly distribution of boxes used by black-bellied whistling ducks during the nesting season in coastal SC, 
2016–2017. Diamond marker inside box indicates the mean, and the line indicates the median. The bottom and top edges of the 





Figure 1.6. Monthly distribution of boxes used by wood ducks and black-bellied whistling ducks during the nesting season in 
coastal SC, 2016–2017. Diamond marker inside box indicates the mean, and the line indicates the median. The bottom and top 




CHAPTER 2 - Nest-box selection by wood ducks and black-
bellied whistling ducks in coastal South Carolina 
 
 Introduction 
Artificial nest structures are credited with increasing local and expanding new 
populations of cavity nesting waterfowl throughout their range (Bolen 1967ab, Bellrose 
and Holm 1994).  Therefore, state, federal, and private conservation groups have used or 
desire to use nest boxes to promote production of cavity nesting waterfowl (Prevost et al. 
1990, Heusmann 2000, Ransom and Frentress 2007).  Moreover, use of nest boxes have 
been related to micro-scale factors, including nest box design, placement, geographic 
location, and habitat conditions (Lacki et al. 1987, Bellrose and Holm 1994, Stephen et 
al. 1998).  Generally, these fine scale components of nest-site habitat are assessed by 
cavity nesting waterfowl after birds make larger scale, hierarchical 1st – 3rd order 
selections (Johnson 1980, Kaminski and Elmberg 2014).  Ultimately, fine scale selection 
(i.e., 4th order selection) involves micro-habitat and other associated site-specific 
characteristics (Kaminski and Elmberg 2014, Eichholz and Elmberg 2014). 
Numerous nest box designs have been developed and deployed for cavity nesting 
waterfowl, including modifications to promote species specific use, reduce use by non-
target species, and alleviate effects of intra- and interspecific competition (Bellrose and 
Holm 1994, Stephens et al. 1998).  Consequently, nest boxes on a landscape often differ 
in physical characteristics, such as internal volume and entrance size. However, I found 




characteristics with the probability of selection by female ducks. Nonetheless, several 
studies have described how placement and surrounding micro-habitat influence selection 
of nest boxes by cavity nesting waterfowl (Lacki et al. 1987, Gauthier 1988, James 2000), 
but none to my knowledge have evaluated selection characteristics of sympatric 
populations of wood ducks (Aix sponsa) and black-bellied whistling ducks (Dendrocygna 
autumnalis). Therefore, I initiated a study to examine nest-box selection (i.e., 4th order 
selection; Johnson 1980) by wood ducks and black-bellied whistling ducks in relation to 
nest box and micro-habitat characteristics to test the null hypothesis that use of nest boxes 
by both duck species would not be related to ≥1 physical or habitat variables measured 
for boxes used and not used by these duck species during 2016 and 2017. 
 Study Area 
My study was conducted in the Coastal Plain region of South Carolina, including 
Beaufort, Charleston, Colleton, and Georgetown counties. Within the coastal plains, 
artificial nest boxes were distributed throughout two riverine regions in South Carolina, 
the Ashepoo, Combahee, and Edisto Rivers (ACE) and Santee Rivers Delta and Winyah 
Bay (SRDW) Basins. The ACE and SRDW Basins are large estuarine complexes 
containing forested wetlands, fresh, brackish and salt water tidal marshes, managed 
impounded wetlands, beaches, and pine and hardwood uplands (SCDNR 2013). 
I selected five sites within each of the two basins for the nest box survey. I could 
not select sites randomly because of lack of documentation of private properties with nest 
boxes. Instead, I selected sites to include both private and state managed lands, which had 




Clarendon Farms, Donnelley Wildlife Management Area, Halls Island, Nemours 
Plantation Wildlife Foundation, and Rosehill Plantation. In the SRDW basin, I studied on 
Annandale Plantation, DeBordieu Colony, Hobcaw Barony, Kinloch Plantation, and 
Santee Coastal Reserve Wildlife Management Area (Figures 1.1–1.3, Chapter 1). 
 Methods 
 Nest Boxes 
I included 324 nest boxes in the survey that were erected prior to my study in 
2016. I did not have records of age and previous use of boxes by nesting ducks. In 
January 2016, I installed additional boxes at Santee Coastal Reserve Wildlife 
Management Area (n = 20, SDRW), Rosehill Plantation (n = 10, ACE), and Halls Island 
(n = 10, ACE) to increase sample sizes on those sites. I monitored 364 nest boxes in 2016 
and 354 boxes in 2017, because 10 boxes were destroyed between years by Hurricane 
Matthew in October 2016. I surveyed all available boxes at all study sites each year. 
 Nest Box Inspections 
In December–January 2016–2017, I repaired structures, removed nesting material, 
and added wood shavings to boxes to a depth of approximately 6–10 cm. I monitored nest 
box use from late January–early August in 2016–2017. I checked 309 boxes and 299 
boxes, twice monthly in 2016 and 2017, respectively. At DeBordieu Colony, I inspected 
55 boxes twice annually in May and September 2016–2017. 
 Explanatory Variables Measured Regarding Nest-Box Selection 
From early March–late July 2016-2017, I measured 10 variables associated with 




bellied whistling ducks during these years (Table 2.1). Specifically, I recorded the 
following binary and continuous variables: 1) absence (0) or presence (1) of a predator 
exclusion device (PGRD), 2) shape of nest box entrance (ENTSHAPE; 0 = elliptical or 1 
= circle), 3) placement of nest box (LOCATION; 0 = land or 1 = overwater), 4) 
orientation of nest box entrance determined using a compass and assigning each bearing 
to one of the four cardinal directions (DIR; [N] 316 – 45° as North, [E] 46 – 135° as East, 
[S] 136 – 225° as South, and [W] 226 – 315° as West), 5) distance from base of entrance 
vertically to ground or water (HGT, cm), 6) area of the nest box entrance (AREA, cm2), 
7) internal dimensions of the bases and height of the box to compute volume (VOLUME, 
cm3), 8) overhead canopy cover (CANOPY, %) using the average of four convex 
spherical densiometer readings taken in May–July, after leaf out, and 1 m from the nest 
box in each cardinal direction, 9) basal area using a prism count of trees surrounding each 
nest box with a 10 basal area (BA) factor prism that measured BA (ft2), and 10) distance 
to nearest box (NEAR, m). I determined the latter using a Garmin eTrex 20x GPS unit, 
plotted box locations within ArcMap 10.41, and measured the Euclidian distance between 
a box and its nearest neighbor (ArcGIS 10.41 proximity toolset, near tool, ESRI). I 
assigned degree ranges of the four cardinal directions (North, East, South, and West) for 
DIR (4th metric) to ensure bearing measurement for each box would be contained in one 
cardinal direction. If instead I used 90º increments (i.e., 315 – 45º as North, 45 – 135º as 
East, 135 – 225º as South, and 225 – 315º as West) the four directions would share range 




metric) measured in ft2 an US metric did not affect statistical analyses because units of 
measurement are not part of analyses. 
 Statistical Analyses 
My analytical unit for statistical analyses was individual nest boxes surveyed in 
2016 and 2017. For each explanatory variable measured, I calculated the mean, standard 
error, and minimum and maximum for continuous variables and percentages of 364 nest 
boxes that were tabulated as “0” or “1” for each binary variable and “N–W” for DIR 
(Table 2.1; MEANS and FREQ procedures, respectively; SAS Institute Inc. 2018). 
I evaluated pairwise correlation (r) among all continuous explanatory variables 
(AREA, VOLUME, HGT, NEAR, CANOPY, BA), using Pearson’s correlation (PROC 
CORR; SAS Institute 2018). Because correlated covariates (r ≥ |0.65|) included in the 
same model can lead to inflated standard error, and incorrect signs on correlation and 
regression coefficients, I retained one variable of correlated pairs of variables that 
provided the simplest and most relatively meaningful biological and managerial 
interpretations (Kaminski and Prince 1984, Guthery and Bingham 2007, Dorman et al. 
2013). Additionally, I excluded categorical explanatory variables from analysis that 
occurred at ≥ 80% of surveyed boxes (Kuhn and Johnson 2013). 
I defined use of boxes as single or multiple presence within a year of  ≥ 1 egg of a 
wood duck or black-bellied whistling duck, or nest or egg remains of these species if a 
clutch had hatched or was destroyed before my inspection. I assessed if the 
aforementioned explanatory variables correlated with nest box selection by wood ducks 




= not) and logistic regression (PROC GLIMMIX; SAS Institute 2018), which generated 
regression coefficients (+ or − β) of a resource selection function (Manly et al. 2002). A 
resource selection function is any model that produces values proportional to probability 
of use of a resource unit by an organism (Boyce et al. 2002, Manly et al. 2002). The 
resource units selected by wood ducks and black-bellied whistling ducks in my study 
were nest boxes and aforementioned explanatory variables were covariates of the 
resource units (Boyce et al. 2002).  I conducted the analysis as a Generalized Linear 
Mixed Model with a binomial distribution, because the response variable was binary and 
specified a logit-link function to obtain odds-ratios (i.e., probabilities) for β coefficients 
(Hosmer and Lemeshow 1989). 
Wood ducks and black-bellied whistling ducks exhibit high nest site fidelity 
(Bolen 1971, Hepp et al. 1987, Hepp et al. 1989); thus, female ducks that were successful 
in a box in 2016 may have returned to that box or the area in 2017. Ignoring this fact and 
treating each nest attempt as independent would have biased test statistics and standard 
errors (Fieberg et al. 2009).  To address the fact that box use by females may have been 
correlated among boxes, study-area basins, and years, I assigned the explanatory 
variables of basin, year, and the three-way interaction of box, basin, and year as random 
effects, and I utilized a correlated error model specifying an auto-regressive covariance 
structure to measurements on the same box in a given year and basin to account for 
repeated measurement of boxes within and between basins and years. Moreover, I did not 
leg band or otherwise mark ducks nesting in boxes, so I did not know if I encountered the 




I conducted all modeling procedures for wood ducks and black-bellied whistling 
ducks species specifically. I first examined the relationship between the binary response 
variable and the full model containing the following explanatory variables: AREA, 
VOLUME, DIR, HGT, NEAR, and CANOPY. Next, I used a backward stepwise 
regression and discarded the least significant term in the model, using probability values 
(P) of F-statistics, until only a priori declared significant effects remained (α = 0.05) 
(Durham and Afton 2003).  I invoked this approach to avoid overly complex models, and 
because information theoretic criteria can be unreliable for generalized linear mixed 
models containing random effects (Bolker et al. 2009, Sunde et al. 2014, Harrison et al. 
2018).  I then quantified the predictive ability of the final model in explaining variation in 
nest-box selection using Somers’ D (Sunde et al. 2014, User’s Guide 14.3 SAS Institute 
Inc. 2017).  I obtained the Somers’ D statistic using standard logistic regression (PROC 
LOGSTIC; SAS Institute 2018) and regressed the observed binary outcomes (i.e., nest 
box used [1] or not [0]) against the predicted probabilities of nest box use from the 
GLIMMIX models (Gönen 2006, Sunde et al. 2014).  Somers’ D is a non-parametric 
measure of a model’s performance and ability to classify the dependent variable correctly 
(Newson 2002).  If Somers’ D = 1, all observations are correctly classified, and the model 
has perfect discriminatory ability; a Somers’ D = 0 indicates a uninformative model. A 
Somers’ D  ≥ 0.70 indicates acceptable model fit and variance explanatory performance 
(Hosmer and Lemeshow 1989).  In addition, I calculated means and standard errors of 
explanatory variables retained in the final models for used and not used boxes by wood 





Variables CANOPY and BA were correlated (r = 0.69, P < 0.0001, n = 364); 
therefore, I excluded BA from models, based on literature indicating canopy cover was a 
correlate of nest box use by wood ducks (Olson 2017).  Additionally, I eliminated 
ENTSHAPE, PGRD, and LOCATION, because 91.76% of nest boxes had circular 
entrances, 86.54% had predator guards, and 80.77% were located over water. 
 Nest Box Selection by Wood Ducks 
I monitored 364 and 354 boxes in 2016 and 2017, respectively. I monitored 10 
fewer boxes in 2017, because 10 boxes were destroyed between years by Hurricane 
Matthew in October 2016. Box use was 69.8% and 52.5% in 2016 and 2017, 
respectively, with an annual mean of 61.16% (SE = 8.62%, n = 718). When I included all 
covariates in the full model, VOLUME and CANOPY were significant correlates of nest 
box selection by wood ducks (Table 2.2). Backward stepwise regression produced a final 
model containing VOLUME (β = −0.00006, SE = 0.00002, P = 0.0035, n = 718) and 
CANOPY (β = −0.01642, SE = 0.00285, P < 0.0001, n = 718; Table 2.3). The final 
model had a Somers’ D value of 0.9225, indicating these variables fit the model well and 
explained variation in use of nest boxes by wood ducks. 
Scaled odds ratios revealed that nest boxes were 5.8% more likely to be selected 
for every 1,000 cm3 decrease in internal volume (Table 2.3). Mean internal volume of 
used boxes was 30,990.30 cm3 (SE = 254.31, n = 440) and 32,565.81 cm3 (SE = 312.63, 
n = 278) for boxes not used by wood ducks (Table 2.4). Scaled odds ratios revealed nest 




cover above or around nest boxes. Mean percent canopy cover for used nest boxes was 
40.95% (SE = 1.80%, n = 440) and 60.60% (SE = 2.14%, n = 278) for boxes not used by 
wood ducks. 
 Nest Box Selection by Black-bellied Whistling Ducks 
Box use was 15.4% and 14.1% in 2016 and 2017, respectively, with an annual 
mean of 14.8% (SE = 1.3%, n = 718). When I included all covariates in the full model, 
HGT, VOLUME, CANOPY, and NEAR were significant correlates of nest box selection 
by black-bellied whistling ducks (Table 2.5). Backward stepwise regression produced a 
final model containing HGT (β = 0.01677, SE = 0.00598, P = 0.0053, n = 718), 
VOLUME (β = 0.00018, SE = 0.00005, P < 0.0001, n = 718), CANOPY (β = −0.01194, 
SE = 0.00525, P = 0.0236, n = 718), and NEAR (β = −0.01031, SE = 0.00360, P = 
0.0044, n = 718; Table 2.6). The final model had a Somers’ D value of 0.9660, indicating 
these variables fit the model well and explained variation in use of nest boxes by black-
bellied whistling ducks. 
Scaled odds ratios suggested nest boxes were 19.6% more likely to be selected for 
every 1,000 cm3 increase in internal volume (Table 2.6). Mean internal volume of used 
nest boxes was 33,889.81 cm3 (SE = 316.86, n = 106) and 31,203.77 cm3 (SE = 233.46, n 
= 612) for boxes not used by black-bellied whistling ducks (Table 2.7). Scaled odds 
ratios indicated nest boxes were 11.1% more likely to be selected for every 10% decrease 
in percent canopy cover above or around nest boxes. Mean percent canopy cover for used 
nest boxes was 40.22% (SE = 3.48%, n = 106) and 50.00% (SE = 1.55%, n = 612) for 




were 18.3% more likely to be selected for every 10 cm increase in distance from base of 
box entrance vertically to ground or water surfaces. Mean distance from base of entrance 
to ground or water for used boxes was 169.49 cm (SE = 3.40, n = 106) and 156.52 cm 
(SE = 1.51, n = 612) for boxes not used by black-bellied whistling ducks. Scaled odds 
ratios indicated nest boxes were 9.8% more likely to be selected for every 10 m decrease 
in distance between a box and the nearest box. Mean Euclidian distance between a box 
and the nearest box for used nest boxes was 69.79 m (SE = 4.46, n = 106) and 115.62 m 
(SE = 6.30, n = 612) for boxes not used by the species. 
 Discussion 
My study was the first landscape-scale survey of nest box selection by 
sympatrically nesting wood ducks and black-bellied whistling ducks in coastal South 
Carolina and throughout Atlantic Flyway range of both species. I observed that internal 
volume of nest boxes and canopy cover influenced nest box selection by wood ducks and 
black-bellied whistling ducks. Additionally, I found nest box selection by black-bellied 
whistling ducks also was influenced by distance from the base of boxes’ entrance 
vertically to ground or water and distance to nearest box. 
The internal volumes of 364 boxes in my study ranged between 15,048 cm3 and 
41,580 cm3.  Stephens et al. (1998) reported that wood ducks in Mississippi used large 
boxes with an internal volume of 34,375 cm3 more than small boxes with internal volume 
of 12,890.63 cm3. However, in a continuation of the Stephens et al. (1998) investigation, 
Davis et al. (1999) reported passerines used small more than large boxes, and use of 




of negative correlation between nest box selection by wood ducks and internal volume of 
boxes. Using the final model for wood ducks (Table 2.3) and holding the covariate 
CANOPY constant at the mean value, I found nest boxes with an internal volume of 
15,048 cm3 (lower range of all 364 boxes in my study) had 83.37% estimated probability 
of being selected by a hen wood duck. The internal dimensions (front and side bases and 
height) for boxes with this greatest estimated probability of selection was 19 × 24 × 33 
cm (15,048 cm3). Additionally, the average internal dimensions and their volume for all 
boxes used by wood ducks during my study was approximately 24 × 28 × 46 cm and 
30,912 cm3. I recognize these internal dimensions and volume possibly preferred by 
wood ducks were reduced by my addition of about 10 cm of wood shavings as nest 
substrate. Thus, the internal volumes, including 10 cm of wood shavings (19 × 24 × 10 
cm = 4,560) would be reduced to 10,488 cm3 for possibly preferentially used boxes 
(15,048 cm3 – 4,560 cm3 = 10,488 cm3) and to (24 × 28 × 10 cm = 6,720 cm3) 24,192 
cm3 overall for boxes used by wood ducks (30,912 cm3 – 6,720 cm3 = 24,192 cm3). 
Bellrose (1980) reported the internal dimensions and volume of conventional wood duck 
nest boxes was 25 × 25 × 55 cm and 34,375 cm3, but he did not include the reduction in 
volume due to wood shavings. Therefore, the internal volume of conventional wood duck 
nest boxes, including 10 cm of wood shavings (25 × 25 × 10 cm = 6,250 cm3), would be 
reduced to 28,125 cm3. However, mean internal volume of boxes (not including reduction 
of volume due to wood shavings) used by wood ducks during my study was 30,990.3 cm3 
evidenced that wood ducks used boxes 15,942.3 cm3 larger than preferred boxes with 




My results provided evidence of positive correlation between nest box selection 
by black-bellied whistling ducks and internal volume of boxes, which differed from the 
inverse relationship between wood duck nest box selection and volume. Black-bellied 
whistling ducks are physically larger than wood ducks, possibly explaining this different 
relationship. James (2000) reported black-bellied whistling ducks in Texas used large 
nest boxes with an internal volume of 43,513.12 cm3, approximately 26.6% - 40.2% more 
than small boxes with a volume of 31,851.77 cm3. Using the final model for black-bellied 
whistling ducks (Table 2.6) and holding the other covariates HGT, CANOPY, and NEAR 
constant at their mean values, I found nest boxes with an internal volume of 41,580 cm3 
(upper range of all 364 boxes in my study) had the greatest estimated probability 14.49% 
of being selected by a black-bellied whistling duck. The internal dimensions (front and 
side bases and height) for boxes with this greatest estimated probability of selection is 27 
× 28 × 55 cm (41,580 cm3). Additionally, the average internal dimensions and their 
volume for boxes used by black-bellied whistling ducks is approximately 26 × 28 × 47 
cm and 34,216 cm3. The internal volumes, including 10 cm of wood shavings (27 × 28 × 
10 cm = 7,560), would be reduced to 34,020 cm3 for possibly preferentially used boxes 
(41,580 cm3 – 7,560 cm3 = 34,020 cm3) and to (26 × 28 × 10 cm = 7,280 cm3) 26,936 
cm3 overall for boxes used by black-bellied whistling ducks (34,216 cm3 – 7,280 cm3 = 
26,936 cm3).  Additionally, the mean internal volume of boxes (not including reduction of 
volume due to wood shavings) used by black-bellied whistling ducks in my study was 
33,889.8 cm3, indicating that black-bellied whistling ducks will use boxes 7,690.2 cm3 




minimum internal volume of a box used by black-bellied whistling ducks during my 
study was 23,040 cm3. 
I found selection of nest boxes by wood ducks and black-bellied whistling ducks 
to be negatively correlated with canopy cover above nest boxes. Previous researchers also 
found negative associations between canopy cover and nest box selection by wood ducks 
and black-bellied whistling ducks (Semel et al. 1988, James 2000, Olson 2017).  In my 
study, nest boxes with no canopy cover had greatest estimated probability of being 
selected by a wood duck (80.38%) or black-bellied whistling duck (4.78%) when the 
other covariates in the two models (Table 2.3 and 2.6) were held to their mean values. 
Olson (2017) reported unshaded nest boxes had 3.2º C higher average maximum daily 
temperature than shaded nest boxes. The use of unshaded boxes by wood ducks was 
estimated to decrease hatching success by 33% for every 1º C increase in incubation 
temperature, which was an indirect effect of increased box temperature (Olson 2017).  
Additionally, Olson (2017) reported evidence of male skewed sex ratios for ducklings 
hatched in unshaded boxes and decreased duckling weight and tarsus length. 
Furthermore, nest boxes in “open” areas are more visible than boxes located in cover, and 
visible nest boxes were reported to increase conspecific nest parasitism and decrease nest 
success (Semel et al. 1988, James 2000). Barry (1992) found that boxes located in open 
areas and over water had the greatest occurrence of dump nesting but also hatch rates and 
duckling production rates in Mississippi. Additionally, nest boxes in my study in “open” 
areas often were in ponds containing largemouth bass (Micropterus salmoides) known to 




areas by wood ducks and black-bellied whistling ducks may be counterproductive for 
both species of ducks because of the aforementioned negative effects (Semel et al. 1988, 
James 2000, Olson 2017); however, boxes with overhanging vegetation can enable 
snakes (Pantherophis alleghaniensis), raccoons (Procyon lotor) squirrels (Sciurus 
carolinensis), and opossums (Didelphis virginiana) to access boxes and depredate eggs 
(Bellrose and Holm 1994).  Finally, Davis et al. (1999, 2007, 2015) reported that wood 
ducks ducklings produced in conventional large nest boxes amidst scrub-shrub and other 
vegetated shorelines experienced increased survival and apparent recruitment into fall 
populations. 
The distance from the base of boxes’ entrance vertically to ground or water has 
been reported to influence selection of nest boxes by wood ducks (Bellrose et al. 1964, 
Lacki et al. 1987).  However, I did not find evidence of such a relationship for wood 
ducks. James (2000) also did not find this relationship for black-bellied whistling ducks 
nesting in Texas. Nevertheless, natural cavities located 914 cm or higher (up to 1676 cm) 
in trees were found to receive more relative use by wood ducks and have increased 
success rates compared to natural cavities at lower heights (< 914 cm; Bellrose et al. 
1964, Bellrose and Holm 1994).  I speculate that the standard practice of installing 
predator guards on the support structure of boxes has nullified the positive association 
with height of boxes’ entrance above ground or water and selection by wood ducks as a 
deterrent for egg predators. 
Conversely, my results showed evidence of a positive correlation between nest 




entrance to ground or water. The average distance from the base of boxes’ entrance to 
ground or water for boxes used by black-bellied whistling ducks was 169 cm (SE = 3, n = 
106 boxes) and 157 cm (SE = 2, n = 612 boxes) for boxes not used by the species. The 
relationship between nest box selection by black-bellied whistling ducks and distance 
from the base of boxes’ entrance to ground or water was difficult to interpret because of 
the slight difference of approximately 12 cm in height of used and not used boxes. I 
suspect this relationship is due to site and availability of boxes that were not used by 
wood ducks or other birds when black-bellied whistling ducks arrived and began nesting 
in May. 
Additionally, I found evidence nest box selection by black-bellied whistling ducks 
and distance to nearest box were negatively correlated. The average distance to nearest 
box for boxes used by black-bellied whistling ducks was 70 m (SE = 4, n = 106 boxes) 
and 116 m (SE = 6, n = 612 boxes) for boxes not used by the species. I speculate that this 
may have occurred because black-bellied whistling ducks are social species and tend to 
aggregate in groups (Bolen 1967b) or as a consequence of nest box availability when 
most black-bellied whistling ducks began nesting in May and later annually.   
Size and shape of nest box entrance have been reported to influence box selection 
by wood ducks and black-bellied whistling ducks (Bolen 1967a, Bellrose and Holm 
1994).  In my study orientation and size of nest box entrance did not influence selection 
of boxes by wood ducks and black-bellied whistling ducks. Shape of nest box entrance 
was not included in regression analyses; however, of the 364 nest boxes in my study, 




and approximately a 10 cm diameter, which is the entrance size described for wood ducks 
by Bellrose (1980).  Bolen (1967a) suggested nest boxes for black-bellied whistling 
ducks should have entrances with a 12.7 cm diameter (126.68 cm2). Furthermore, I found 
the average area of the entrance for boxes used by wood ducks was 75.9 cm2 (SE = 0.4, n 
= 440) and 78.2 cm2 (SE = 0.5, n = 106 boxes) for boxes used by black-bellied whistling 
ducks. However, entrances of nest boxes used by black-bellied whistling ducks in my 
study were 48.48 cm2 smaller than recommend by Bolen (1967a), and I found five black-
bellied whistling ducks trapped or perished in surveyed boxes. The four boxes in which I 
found deceased black-bellied whistling ducks had circular entrances with an average area 
of 78.5 cm2 and 10 cm diameters. 
 Management and Research Implications 
Nest boxes used by wood ducks had mean internal volume of 30,990 cm3 and 
mean internal dimensions of approximately 24 × 28 × 46 cm (30,912 cm3). Additionally, 
nest boxes used by black-bellied whistling ducks had mean internal volume of 33,889 
cm3 and mean internal dimensions of approximately 26 × 28 × 47 cm (34,216 cm3). 
Moreover, researchers suggest nest boxes designed for wood ducks should have entrances 
with 10 cm diameters and have entrances with 12.7 cm diameters for black-bellied 
whistling ducks (Bolen 1967a, Bellrose 1980, Bellrose and Holm 1994). Given this 
evidence, I suggest when initiating a nest box program where wood ducks and black-
bellied whistling ducks nest sympatrically, internal volume and entrance size (Bolen 
1967a, Bellrose 1980) of boxes should be constructed to accommodate both species. My 




volume of 34,375 cm3 and internal dimensions of 25 × 25 × 55 cm adequately 
accommodated both wood ducks and black-bellied whistling ducks, and therefore can be 
deployed where both species occur. Although, I suggest nest box entrances be 
constructed to have 12.7 cm diameters to facilitate use by black-bellied whistling ducks 
and maintain use by wood ducks. However, in locations where wood ducks are the only 
cavity nesting waterfowl species, I suggest nest boxes with the preferred internal volume 
of 15,048 cm3 and internal dimensions of 19 × 24 × 33 cm be installed to promote 
greatest use. In areas where black-bellied whistling ducks are the sole cavity nesting duck 
species, I suggest deploying nest boxes with an internal volume of 41,580 cm3, and 
internal dimensions of 27 × 28 × 55 cm, and with 12.7 cm diameter entrances to promote 
greatest use. Bases of all nest boxes in my study averaged 158 cm above ground or water. 
Black-bellied whistling ducks used boxes with entrance bases averaging 170 cm above 
ground or water. Thus, I suggest boxes be erected on treated wooden posts or other 
structures so the base of entrances are ≥ 160 cm above ground or water but importantly at 
heights above water stages. I found evidence nest box selection by wood ducks and 
black-bellied whistling ducks was negatively associated with canopy cover above or 
around nest boxes. However, the selection of nest boxes in “open” canopy areas by wood 
ducks and black-bellied whistling ducks could induce an ecological trap for both species 
(Gates and Gysel 1978, Semel et al. 1988, James 2000, Olson 2017).  Ecological traps 
occur when habitat traits that historically promoted survival and fitness, no longer due so 
but are still selected for by the species (Gates and Gysel 1978, Hale and Swearer 2016).  




canopy cover, and near suitable brood rearing habitat, such as scrub-shrub wetlands 
which has been shown to promote duckling and brood survival in Mississippi and 
Alabama (Davis et al. 2007).  Additionally, I maintain that nest boxes should not be 
installed in ponds lacking brood cover and which contain predatory fish known to predate 
ducklings. Although the primary choice of a nest box should reflect efforts that ultimately 
promote fitness for a nesting duck, concern has been expressed that environmental 
changes have outpaced adaptive ability of birds and consequently some nest site 
characteristic selected for may no longer promote fitness of the species (Eichholz and 
Elmberg 2014).  Therefore, research on nest box selection in relation to duckling survival 
and recruitment into fall and breeding population is needed throughout the range of wood 
ducks and black-bellied whistling ducks in North America to assess the efficacy of nest 
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Table 2.1. Description of variables of nest box design and placement measured at each box (n = 364) and used in explaining 
nest box selection by wood ducks and black-bellied whistling ducks in coastal South Carolina during 2016 and 2017. The 
mean value for each continuous variable (?̅?), their associated standard error (SE), and minimum – maximum values are shown. 
The percentage (%) of boxes in each categorical variable level are also shown. 
Variable Description 𝒙 (SE) % Range 
Categorical         
PGRD Predator guard on box (present or absent) a Present = 86.54%, Absent =13.46%  
ENTSHAPE Entrance shape (circle or elliptical)  Circle = 91.76%, Elliptical = 8.24%  
LOCATION Box located over water or dry land (water or land)  Water = 80.77%, Land = 19.23%  
DIR Orientation of box entrance (N, E, S, W)  N = 27.47%, E = 24.45%, S = 26.65%, W = 21.43%  
Continuous         
HGT Height of entrance above surface, water or ground (cm) 158.43 (1.96)  48.00 – 249.00 
AREA Surface area of box entrance (cm2) 76.05 (0.44)  50.00 – 118.00 
VOLUME Internal volume of box (cm3) 31,620.49 (278.74)  15,048.00 – 41,580.00 
CANOPY Overhead canopy cover density above box (%)b 48.23 (2.01)  0.00 – 98.00 
BA Tree density around box (ft2 / acre)c 31.25 (2.08)  0.00 – 180.00 
NEAR Euclidian distance between nearest neighboring box (m) 108.20 (7.62)  0.00 – 1,616.70 
aBlanks denote statistic is not applicable for the categorical or continuous variable. 
bCANOPY measured post-leaf out. 







Table 2.2. Wood duck nest box selection analyses from logistic regression. Results shown for full model with all variables, 
and final model with significant (P ≤ 0.05, n = 718) variables that remained after backward stepwise regression. 
Variable Full model Final model 
DIR 0.1360   
HGT 0.1167   
AREA 0.1521   
VOLUME 0.0015 0.0035 
CANOPY <0.0001 <0.0001 
NEAR 0.5108   
 
 
Table 2.3. Final model and parameter estimates of nest box design and micro-habitat variables influencing nest box selection 
by wood ducks. Odds ratios shown for VOLUME (cm3) and percent CANOPY (%). 
Final 
model 










Intercept 3.30710 0.82760         
VOLUME −0.00006 0.00002 1000
a 0.942 0.904 0.980 
CANOPY −0.01642 0.00285 10
b 0.849 0.802 0.898 
aScalar in cubic centimeters (cm3) 








Table 2.4. Variables in the final model influencing nest box selection by wood ducks.  
Variable 
Used (n = 440 boxes) Non-used (n = 278 boxes) 
𝒙 (SE) 𝒙 (SE) 
VOLUME 30,990.30 (254.31) 32,565.81 (312.63) 





Table 2.5. Black-bellied whistling duck nest box selection analyses from logistic regression. Results shown for full model with 
all variables, and final model with significant (P ≤ 0.05, n = 718) variable that remained after backward stepwise regression. 
Variable Full model Final model 
DIR 0.2384   
HGT 0.0076 0.0053 
AREA 0.4124   
VOLUME 0.0012 <0.0001 
CANOPY 0.0193 0.0236 






Table 2.6. Final model and parameter estimates of nest box design, placement, and micro-habitat variables influencing nest 
box selection by black-bellied whistling ducks. Odds ratios shown for HGT (cm), VOLUME (cm3), percent CANOPY (%), 
and NEAR (m). 
Final 
model 










Intercept −10.22480 1.91080         
HGT 0.01677 0.00598 10
a 1.183 1.051 1.330 
VOLUME 0.00018 0.00005 1000
b 1.196 1.094 1.307 
CANOPY −0.01194 0.00525 10
c 0.889 0.800 0.984 
NEAR −0.01031 0.00360 10
d 0.902 0.840 0.967 
aScalar in centimeters (cm) 
 bScalar in cubic centimeters (cm3) 
 cScalar in percent (%) 




Table 2.7. Variables in the final model influencing nest box selection by black-bellied whistling ducks.  
Variable 
Used (n = 106 boxes) Non-used (n = 612 boxes) 
𝒙 (SE) 𝒙 (SE) 
HGT 169.49 (3.40) 156.52 (1.51) 
VOLUME 33,889.81 (316.86) 31,203.77 (233.46) 
CANOPY 40.22 (3.48) 50.00 (1.55) 
NEAR 69.79 (4.46) 115.62 (6.30) 
 
